Introduction

S
oft gelatin capsule (SGC) formulations are becoming more popular in recent years (1, 2) . These formulations can mask odors and unpleasant tastes,and are easy to swallow. They are suitable for encapsulation of lipid solutions,suspensions,or paste-like formulations,making them a useful option when formulating poorly water-soluble drugs.
Due to the unique properties of SGC formulations,there exist many challenges to development of a good dissolution method. Generally,the drug is dissolved or suspended in oil before encapsulation. During dissolution,the oil may form a layer above the aqueous medium. In addition,oil droplets may become suspended in the medium. The existence of the lipid phase may hinder the release of the drug,and the oil layer or oil droplets may cause sampling problems. Furthermore,poor aqueous solubility of the drug may cause slow or incomplete dissolution.
Initially,solubility studies on the drug substance were carried out resulting in a selection of suitable dissolution media. Dissolution experiments were tried using USP Apparatus 1,2,and 4. Since the dissolution rate was too slow using USP Apparatus 1,only Apparatus 2 and 4 were selected for further method development.
During the method development,the sampling problems when using USP Apparatus 2 had to be resolved and a suitable flow cell chosen for Apparatus 4. Once these changes were made,dissolution profiles were obtained using both apparatuses for the two SGC formulations. The results were analyzed and compared.
Background information
The drug substance in this article is the free base of a secondary amine. The pKa is about 8.4. The solubility in water is low,but it is freely soluble in soybean oil. Figure 1 shows the solubility of the hydrochloride salt of the free base in HCl. A concentration of 0.01 N HCl was selected for further development. The effect of the surfactant Polysorbate 80 was also explored. Figure 2 shows the
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A Comparison of Dissolution Testing on
The conditions used with the two apparatuses are compared in Table 1 . Figure 3 shows a schematic diagram of the dissolution process for a lipid solution filled soft gelatin capsule. It is similar to the schematic illustration of the dissolution process for solids (3) . Figure 4 is a schematic illustration of the extraction process of the drug from the oil phase into the dissolution medium.
Dissolution using USP Apparatus 2
Initial dissolution method development was performed using USP Apparatus 2. During these exploratory studies,it was found that after the SGC ruptured,the contents floated to the top of the dissolution medium,forming oil droplets. Conventionally,when using USP Apparatus 2,the sampling probe is immersed in the dissolution medium during the sampling,and lifted up above the medium after each sampling time point. During this sampling process,the filter tip on the probe passed through the oil phase at each time point,resulting in aberrant data. Figure 5 shows a schematic diagram of a SGC in an USP Apparatus 2 dissolution vessel.
When the sampling probes were inserted into and withdrawn from the vessels,the tip filters were coated with oil. Therefore,the sample solutions which passed through these filters were not representative of drug dissolved in the aqueous phase. In order to overcome this difficulty,the sampling was done online using an Agilent UV spectrophotometer,and the sampling probes remained immersed in the dissolution medium throughout the duration of testing in order to obtain reproducible results.
Based on the solubility information (Figure 2 ),the drug substance appeared to have better solubility in the acetic acid/Polysorbate 80 medium than in the 0.01N HCl/Polysorbate 80 medium. However,the dissolution profile of Formulation A (Figure 6 ) showed the opposite order for the rate of dissolution. Figure 7 shows the dissolution profiles of the two different formulations using USP Apparatus 2 in 0.01N HCl -0.25% 
Dissolution using USP Apparatus 4
As an alternative to Apparatus 2,the USP Apparatus 4 (flow-through dissolution system) was considered. Apparatus 4 can be configured as an open or closed dissolution system (4) . An open system was selected,and fresh dissolution medium was pumped through the flow cell continuously,thus maximizing the dissolution rate. Figure 8 shows the USP Apparatus 4 flow path for an open system. The standard flow-through cell is suitable for sustainedrelease formulations and ordinary solid dosage tablet or capsule formulations. It is not suitable for lipid SGC formulations,because after rupture of the lipid SGC,the oil phase is quickly drawn into the filter on the top of the cell,which can clog the filter,or the oil is forced through the filter. Therefore, a special cell,the SGC flow-through cell (Figure 9 ) was selected for this analysis.
As shown in Figure 9 ,the SGC flow-through cell works differently from the standard flow-through cells. The dissolution medium enters through the medium inlet,on the right-hand side of the cell,going over to the left side of the cell,pushes the air out through the capillary,and then the medium flows through the center channel to the filter. After the SGC ruptures in the right-hand cell,the lipid content rises up,due to the lower density. When the lipid phase reaches the triangular area (top of the left side cell),it stays there. Thus the dissolution medium continuously extracts the drug from the lipid layer as it flows through the cell. The dissolved drug is then collected with a fraction collector and analyzed by an offline UV spectrometer. Figure 10 shows the dissolution profiles of SGC Formulations A and B using USP Apparatus 4,and Figure 11 shows the dissolution profiles of Formulation A obtained with four different dissolution media: Since the 0.01 N HCl / Polysorbate 80 medium gave the most complete drug release,it was selected for routine use.
Discussion:
The dissolution profiles obtained using USP Apparatus 2 and Apparatus 4 are compared in Figure 12 . The dissolution rates obtained using USP Apparatus 2 were faster than those obtained using USP Apparatus 4 with the same dissolution medium. This faster profile was probably due to the fact that the USP Apparatus 2 gave higher agitation and mixing than Apparatus 4. The results also showed that Apparatus 4 had more discriminatory power than Apparatus 2.
Therefore,the Apparatus 4 method is more suitable to assess excipient and/or process changes that could affect the release rate of the drug from the dosage form during the formulation development.
Conclusions
The USP Apparatus 2 and Apparatus 4 were compared for dissolution of soft gelatin capsule formulations of a poorly water-soluble amine drug. Using an acidic medium with added surfactant,both apparatuses gave similar dissolution profiles. Apparatus 2 tended to give a faster rate of dissolution,but Apparatus 4 was better able to distinguish between different formulations.
When the soft gelatin capsule ruptures during dissolution,the oil phase is released into the aqueous medium. Both dissolution methods were adapted to handle the problems caused by the oil phase passing into the filters and sample collection system.
